SUMMARY We have evaluated carotid gamma imaging using 11 'indium-labelled platelets in the diagno sis of carotid artery disease and measured the accumulation of labelled platelets on endarterectomy specimens.
MANY PATIENTS suffer transient ischaemic attacks (TIA) or stroke as a consequence of extracranial carot id artery disease. These symptoms may be caused by either a high grade stenosis disturbing cerebral blood flow or an ulcerated plaque stimulating thrombotic cerebral emboli. '• 2 As stenoses may also cause emboli, prophylaxis against stroke depends on first establish ing the pathophysiology in each individual, although surgical intervention is often advocated for stenoses and drug therapy for other lesions. 3 Angiography is usually used for the diagnosis of operable lesions in patients with TIA but may miss up to 40 percent of atherosclerotic ulcers 4 and is not without risk. 5 Doppler ultrasound is reliable for haemodynamically signifi cant stenoses but not for non-stenotic lesions. 6 Further more, conventional investigations cannot detect thrombus deposition and embolisation although evi dence for the role of these processes is found on exami nation of surgical specimens. 7 Indium ("'In) labelled platelets have recently been detected in diseased carotids by gamma imaging. 8 We were attracted by the possibility that the embolic causes of TIA evaluated by 11 'In platelet techniques may be distinguished from the haemodynamic causes which are detectable by doppler ultrasound. Hence we studied the deposition of autologous "'In-labelled platelets on diseased carotid arteries in patients in whom angiography and doppler ultrasound examina tion were also performed so that platelet uptake could be related to the type of lesion. We also measured the radioactivity on endarterectomy specimens to investi gate whether the activity found could be reliably de tected by a gamma camera or quantitated by external counting.
Patients and Methods
Twenty-five patients with a clinical diagnosis of unilateral TIA gave informed consent and entered the study. A TIA was defined as either amaurosis fugax or a focal neurological deficit, referable to the carotid artery territory and with complete resolution within 24 hours. There were 19 men and 6 women with a mean age of 60 years. All but 2 patients had suffered a TIA within one month of entry and 11 were receiving pro phylactic aspirin therapy. All patients were assessed by "'In platelet study and Doppler spectral analysis. When angiography was also performed (18 patients) '"In platelet investigations were delayed for 48 hours to prevent artefacts arising from arterial puncture or injection of contrast medium. repeated at 24 hour intervals up to a maximum of 5 days. An on-line DEC PDP 11/40 computer was used to store the information enabling each patient's images to be displayed sequentially at the end of the study period. These were interpreted independently by a physicist and a clinician without knowledge of clinical details or other investigations. Any increase in activity at either carotid bifurcation with respect to the sur rounding tissue was considered to represent '"In-platelet deposition and was reported positive ( fig. 1 ). Thus each observer reported a total of 50 bifurcations in 25 patients, but only the physicist's opinion was used in subsequent clinical comparisons. Eleven patients underwent carotid endarterectomy 48 hours after platelet labelling. The surgical speci mens were retrieved and after washing to remove blood containing labelled platelets, their radioactivity was counted in a scintillation well crystal. A 5 ml blood sample, taken at surgery was simultaneously counted. Platelet deposition (specimen activity) was expressed as a ratio of emissions from the endarterec tomy specimens over those from 1 ml of blood, thus avoiding the need to correct radioactivity counts for variation in injected dose and isotopic decay.
Ultrasonic Examination
A real time spectrum analyser (Spectroscribe) linked to directional dopplers (Sonicaid BV 380) was used to analyse sonagrams of the common carotid, internal carotid and supra-orbital arteries. 10 Lesions in the internal carotid were classified as stenoses only if considered haemodynamically significant.
Angiography
Biplanar angiography was carried out in 18 patients and assessed independently with internal carotid le sions classified as either stenosis, if narrowing was greater than 80% of the luminal diameter, or atheroma tous ulcer/plaque. No attempt was made to distinguish ulcerated from non-ulcerated lesions and minimal ath eroma or slight intimal irregularity were reported as normal.
Theoretical Study
A phantom was constructed to represent the neck region ( fig. 2) . The activities used to simulate the major vessels and soft tissues were calculated from blood samples in the clinical study and computer anal ysis of images in 20 patients with peripheral arterial disease. The average activity of blood at 48 hours after injection was 370 Bq/ml and the average neck tissue activity was 56% that of the carotid region. To repre sent labelled platelet deposition a range of '"In activi ties (185, 370, 925, 1850 and 3700 Bq) based on endarterectomy specimen activities (maximum 851 Bq) were introduced into the phantom in a tapered tube as shown. The phantom was imaged with and then without each level of added "lesion" activity. These images were then viewed by our physicist who, after being shown a reference image without activity, was required to pronounce on subsequent images presented randomly and on a varying number of occasions, whether additional activity was present.
Results
Measurable platelet deposition was found on all eleven endarterectomy specimens with a mean (± SEM) specimen activity of 0.65 ± 0.19 (table 1). In two cases discrete plaques could be isolated from the attached intima and were found to contain 90% of the total specimen activity (fig. 3) . The mean activity in 
Discussion
Labelled platelets were deposited during the 48 hours preceeding endarterectomy on every surgical specimen, implying a continuous turnover of platelets. However, not all these lesions were identified by exter nal gamma imaging. The theoretical study using a phantom established that the levels of radioactivity found on endarterectomy specimens were at the limit of gamma camera resolution. Consequently, only the most thrombogenic lesions would have accumulated sufficient labelled platelets to be detected. The finding that ulcers and plaques imaged more frequently than stenoses is explained by the greater accumulation of labelled platelets found on endarterectomy specimens in these patients.
Radiolabelled platelet imaging allows the dynamic process of carotid thrombosis to be studied in vivo. Since platelets will be deposited whenever the thrombogenic subintima is exposed, '"In platelet uptake could occur in an angiographically normal vessel with endothelial disease. Without follow-up information on untreated patients, we can only speculate on the sig nificance of these minimally diseased but thrombogenic carotids. Furthermore, as platelet turnover is occurring continuously, and imaging takes only 10 minutes in each 24 hours, a negative result implies only that activity during imaging was below the neces sary threshold for detection. Nevertheless, when the results of imaging and spectral analysis were compared to angiographic findings in the same patients a similar overall sensitivity and specificity was noted. The (Chi-square = 11.62,/) < 0.001). imaging detected more ulcerated plaques and spectral analysis demonstrated hemodynamically significant stenoses. Combining the two investigations diagnosed all but one of the angiographic lesions but six further angiographically unremarkable bifurcations would have been identified. The single atheromatous plaque that was not identified by '"In platelets was in a patient taking aspirin. Aspirin however did not prevent imag ing in all patients so treated, although this is a selected group in that these patients were referred for investiga tion due to continued TIA despite anti-platelet therapy. In order to test the influence of platelet-inhibitory drugs it would be necessary both to randomize therapy and quantitate the rate of platelet deposition in the diseased carotid. The endarterectomy specimen could be used for this only if the surgery can be prevented from disturbing the luminal surface during the oper ation. We believe that the carotid lesions that imaged strongly but had low specimen counts may have been traumatized by suction during removal.
In a previous study interpretation of images was performed by an observer with access to clinical infor mation.
8 Such knowledge would not assist the interpre tation of the images by our criteria but might bias an observer towards the symptomatic side. Platelet depo sition contributes only a small proportion of the total radioactivity in the neck due to high background activ ity. Hence it has been suggested that subtraction stud ies may be used to enhance images." Using 99m Tc labelled albumin for background subtraction the clarity of images in our study was not improved. As we are limited by the capabilities of existing gamma cameras only the more thrombogenic lesions are likely to be imaged. As the significance of a thrombogenic lesion is unknown, long term follow-up of patients with posi tive images is required to establish whether detectable '"In platelet deposition is related to subsequent clinical events. 
